Abstract: Development of a facile synthesis of 2,4-disubstituted oxazoles, useful 2,4-orthogonally-functionalized oxazole linchpins, has been achieved.
Disubstituted oxazoles, particularly those substituted at the 2 and 4 positions, comprise common structural elements in a wide variety of biologically important natural products, including the phorboxazoles, 1 calyculins, 2 virginiamycins, 3 and ulapualides 4 ( Figure) . Not suprisingly a number of synthetic strategies have therefore evolved for the construction and incorporation of the 2,4-substituted oxazole moiety into complex synthetic targets. 5, 6 Research in our laboratories, recently culminating in the total synthesis of (+)-phorboxazole A 7 (1), called for the development of a 2,4-orthogonally-functionalized oxazole linchpin, which could be readily prepared from the corresponding 2-alkyl oxazolone (6 ® 5; Scheme 1). 8 Initally we explored a route devised collectively by Filler, 9a Troxler, 9b and Koch, 9c wherein a chloromethyl aryl imide 7 (Scheme 2) undergoes thermal cyclization to furnish the corresponding oxazolone 8. All attempts with closely related alkyl imides (e.g. 9), however, proved unsuccessful; similar difficulties had been noted by Kelly and Lang 10 when the C(2) substituent was not aryl. Most alternative oxazolone strategies were less inviting due to incorporation of undesired structural elements.
11
We therefore turned to an intriguing aryl oxazolone synthesis introduced by the Sheehan 12 group in the late 1940's, which entailed treatment of benzoyl isocyanate (11) with diazomethane to furnish 12 (Scheme 3). We envisioned that this method might permit access to 2-alkyl substituted oxazolones. To our knowledge, this approach has not been explored. Pleasingly, treatment of acetyl isocyanate, 13 generated in situ from acetyl chloride, with alcohol-free diazomethane 14 furnished oxazolone 10 as an unstable compound 15 in 78-88%.
Immediate triflation with triflic anhydride led to the corresponding oxazole triflate 15a in 48-50% overall yield from acetyl chloride (Scheme 4).
16
Figure LETTER To illustrate the generality of this method, we prepared a variety of oxazole triflates (15a-g), possessing simple, branched and a-bromo alkyl, and aryl substituents. 17 The best result was obtained for the t-butyl congener (15c); presumably the bulky tert-butyl group serves to minimize side reactions during the oxazole assembly (i.e., photoreaction 18 or conjugate addition). Importantly, this streamlined oxazole assembly requires only a matter of hours to execute and the products are both stable and readily isolable.
19
With a series of oxazole triflates in hand, we explored their chemistry; initial efforts were directed at metalation of the alkyl substituent. Surprisingly, lithiation of 15a with t-BuLi (THF, -78 °C) and reaction with valerolactone afforded 17 as the exclusive product (64%, Scheme 5); 20 the desired methyl adduct was not observed (Scheme 5). 21 The equilibrating conditions (Et 2 NLi) introduced by Evans 22 to convert a related C(5) lithium anion to the corresponding C(2) species did not alter the reaction course. This result suggests that the C(5) anion 16 is both the thermodynamic and kinetic product of lithiation, presumably due to the directing effect of the C(4) triflate, absent in the Evans substrates.
Scheme 5
To effect metalation of the alkyl substituent, we turned to the bromomethyl derivative 15e. After some experimentation, 23 we discovered that premixing d-valerolactone with 15e, followed by dropwise addition of i-PrMgCl furnished 18 as the sole product in 66% yield (Scheme 6).
24 Rapid Grignard exchange presumably affords the metalated oxazole, which subsequently attacks the lactone. Premixing proved critical to minimize self condensation.
25 Importantly, this linchpin tactic was used to great advantage in our recently completed synthesis of phorboxazole A. 7 To demonstrate further the utility of the halomethyl derivatives, exposure of 15e and 15h to tributylphosphine followed by Wittig condensation with hydrocinnamaldehyde Scheme 4 Scheme 1 led exclusively to E-alkene 19 in 75-83% yield. Nucleophilic displacement of the halides in 15e and 15h with sodium azide also proceeded in excellent yield. Finally, functionalization of 15h at the C(4) triflate site was achieved exploiting the Stille cross-coupling reaction with vinyltributyltin (Pd(PPh 3 ) 4 , DMF, 60°C); vinyl oxazole 20 was obtained in 78% yield.
Scheme 6
The bidirectional utility of orthogonally-functionalized linchpin 15h was then demonstrated via a series of Wittig and Stille reactions (Scheme 7). Union of oxazole 19 with vinyltributyltin afforded 2,4-disubstituted oxazole 22; alternatively, 22 was available via Wittig reaction of 20 with hydrocinnamaldehyde.
Scheme 7
In summary, an effective synthesis of a variety of 2,4-orthogonally-functionalized oxazoles has been developed, highlighted by short preparation times, modest to excellent overall yields (48-90%), and their utility as bidirectional linchpins.
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( 1) After 30 min, the resultant yellow suspension was filtered through a glass frit under argon. A solution of alcohol-free 14 diazomethane was added dropwise, evoking vigorous gas evolution, until a slight yellow color persisted. The solution was then concentrated, the residue redissolved in THF (40 mL), cooled to -78°C, and charged with Et 3 N (1.9 mL, 13.6 mmol) and trifluoromethanesulfonic anhydride (1.24 mL, 7.37 mmol). After stirring for 1 h at -78°C, the solution was warmed to r. 
